The present study was designed to investigate the role of abnormalities in red blood cell sodium-potassium-chloride (Na-K-Cl) cotransport and Na + pump as predictors of the pressor response to chronic oral Na + loading in young whites and blacks. Subjects were healthy adults from 18 to 23 years of age and included normotensive whites (n=24) and normotensive blacks (n=35). Red blood cell transport studies were performed before Na + loading. The Na + load consisted of 10 g NaCl daily added to the usual diet A sodium-sensitive response was denned as an increase of 5 mm Hg or more in mean arterial pressure after the Na + load; a sodium-insensitive response was a less than 5 mm Hg increase in mean arterial pressure. A sodium-sensitive response occurred in 16% of whites and 57% of blacks. Black subjects have a significantly lower (p<0.005) maximal rate of furosemide-sensitive Na + efflux and a higher Kf or cellular Na + (p<0.05) to activate Na-K-Cl cotransport than white subjects. Normotensive blacks with sodium-sensitive blood pressure response had a higher K m (14.4±6 mmol/1 cell, n=17, mean±SD) to activate the cotransport than sodium-insensitive blacks (9.9±3.7 mmol/1 cell, n=13, p< 0.001). Normotensive whites had a significantly lower red blood cell Na + content (p<0.05) and a higher maximal rate of cotransport (/?< 0.005) than young normotensive blacks. The four young whites with a sodium-sensitive blood pressure response had a significantly lower maximal rate of the cotransport than the sodium-insensitive subjects. The maximal rate of ouabain-sensitive Na + efflux was similar in blacks and whites and in sodium-sensitive and sodium-insensitive subjects, but it displayed significant sex differences in all groups. These results indicate that a high K m of the Na-K-Cl cotransport is a predictor of a sodium-sensitive blood pressure in normotensive young blacks. (Hypertension 1990;16:508-514) T he development of essential hypertension involves several interrelated regulatory systems. These variations in function are likely to occur before development of elevated blood pressure. The prehypertensive condition could be a productive phase in which it is possible to delineate abnormal functions resulting in the progression to blood pressure elevation. As part of an investigation designed to identify young individuals who exhibit a pressor response to chronic Na + loading, we have studied Na + transport pathways in their red blood
T he development of essential hypertension involves several interrelated regulatory systems. These variations in function are likely to occur before development of elevated blood pressure. The prehypertensive condition could be a productive phase in which it is possible to delineate abnormal functions resulting in the progression to blood pressure elevation. As part of an investigation designed to identify young individuals who exhibit a pressor response to chronic Na + loading, we have studied Na + transport pathways in their red blood cells. Studies done in our laboratory 1 -2 on the families of black adolescents have indicated that a genetic background positive for hypertension is associated with a pronounced increase in blood pressure and heart rate in response to stress. 2 Another important characteristic of black adolescents progressing to substantial hypertension is the association with a low activity of red blood cell outward Na-K-Cl cotransport. 34 Studies of the maximal role (V^) of sodiumpotassium-chloride (Na-K-Cl) cotransport in families have indicated that it is family aggregated. 56 Heritability estimates from both twin and family studies have demonstrated that the interindividual differences in this transport system are more likely due to shared genes than to environmental factors. 78 Data from recent studies indicate that this transport system is not solely represented in the kidney tubule but also functions in the vascular smooth muscle and endothelial cells where it is modulated by vasoactrve peptides (See Reference 9 for review).
Several reports have previously documented significant racial differences in the activity of red blood cell -" as well as in the Na + pump. 14 - 16 The present study was designed to determine if there is a relation between the racial differences in Na + transport and sodium-sensitive blood pressure response in young normotensive whites and blacks.
The results of this study indicate that the V^ of ouabain-sensitive Na + efflux is not a good predictor of sodium-sensitive blood pressure response in both groups. In young normotensive blacks, a significantly higher K m for cellular Na + to activate Na-K-Cl cotransport predicted blood pressure sensitivity to Na + loading. However, in young normotensive whites, a low V^, of the Na-K-Cl cotransport predicted blood pressure sensitivity to Na + loading.
Methods
The population under study in this report is a sample of normotensive young whites and blacks who had been followed during adolescence (11-18 years) in the Philadelphia Childhood Blood Pressure study. The experimental protocol was approved by the Institutional Review Board at Hahneman University. Written informed consent was obtained from each subject before participation.
The subjects included 54 young adults who were 18-23 years of age at the time of this study. Each subject had measurements of blood pressure and body weight at the beginning of the protocol and again after 7 days and 14 days of chronic oral sodium loading. Blood pressure was measured with a mercury column baumanometer on the right arm with an appropriate size cuff. The average of three determinations was used for systolic and diastolic (Korotkoff sounds) blood pressure. The mean arterial pressure was calculated at diastolic pressure plus one third of the pulse pressure. Timed overnight urine samples were collected on 2 days before sodium loading, and on the sixth, seventh, 13th, and 14th day of sodium loading. These samples were assayed for Na + , K + , and creatinine. The assay results of the two urine samples before sodium loading were averaged as the preloading electrolyte excretion. The results of the urine assays of the samples on the sixth and seventh day were averaged for the midloading excretion, and the final two samples on the 13th and 14th day were averaged for the postloading electrolyte excretion. Red blood cell transport measurements were performed before the sodium loading.
Sodium loading involved the consumption of 10 g NaCl daily in addition to the usual diet. Diet questionnaires, including a "salty" food inventory, were completed by each subject before sodium loading on the seventh day and on the 14th day of sodium loading. The diet review was to insure that there was no pronounced reduction of usual dietary sodium consumption in each subject. No difference in usual dietary sodium intake was noted between the blacks and whites or between the sodium-sensitive and sodium-insensitive groups. Compliance with the sodium loading was assessed by direct questioning, pill count, and urine electrolyte assay. Subjects in whom compliance could not be confirmed were excluded. Individual subjects were characterized as sodiumsensitive or sodium-insensitive on the basis of their change in mean arterial pressure after sodium loading. Using the criteria reported by Sullivan et al, 17 subjects who had a 5% increase in preloading mean arterial pressure were considered sodium-sensitive. Subjects with less than 5% increase in preloading mean arterial pressure were classified sodium-insensitive.
Red Blood Cell Transport Measurements
Blood samples (12 ml) were drawn with heparin, centrifuged to separate the buffy coat, and suspended in cold "preserving solution" as previously described and Na-K-Cl cotransport. The maximal activity of the Na + pump was estimated by measuring the ouabain-sensitive Na + efflux into a choline media containing 10 mM KC1 as previously described. 4 The activity of the Na-K-Cl cotransport was determined by measuring the furosemide-sensitive Na + and K + efflux in the presence of ouabain as previously described. 4 - 18 The K m for cell Na + to activate outward Na + cotransport was determined by measuring the Na + efflux in the presence and absence of 1 mM furosemide loading red blood cells at five different levels of Na + content (4, 8, 15, 25 , and 50 mmol of Na + /1 cell) as previously described. 4 -1019 A Hill plot of log cell Na + (mmol/1 cell) versus log v/Vn^j-v (where v is furosemide-sensitive Na + efflux in mmol/1 cell'hr) was used to calculate the K m . 19 
Statistical Methods
The statistical package SPSS was used for analysis of general statistics, x 1 -, two-tailed t test. The x 2 distribution was used to describe the distribution of the patients in the two groups according to sodium sensitivity, sex, and blood pressure. Race groups were balanced with a nearly equal distribution of men and women. The hemodynamic parameters, changes in hemodynamic parameters, red blood cell transport characteristics, and urine electrolytes were analyzed using a two-way analysis of variance of race and sodium sensitivity. Adjustments in means because of differences in the covariates of age, sex, height, and preload body weight were considered using analysis of covariances but were found to provide negligible changes. Therefore, reported means are as observed. Correlations among all numerically continuous variables were analyzed using the Pearson r. Correlation coefficients and differences between means were considered significant for p<0.05.
Results
Characteristics of the young adults included in this study are provided in Table 1 . No difference in the systolic and diastolic blood pressures could be observed between normotensive blacks and normotensive whites. Data on urinary sodium excretion are provided for the blacks and whites subgrouped according to sodium sensitivity in Table 2 . Values are presented for average milliequivalents of nocturnal Na + excretion per hour and for urine Na + /K + ratio. At completion of the sodium loading, there was a statistically significant increase in average sodium excretion and Na/K ratio in both whites and blacks (p< 0.001). The Na/K ratio was somewhat lower in whites than in blacks. However, there was no statistically significant difference in urine Na/K ratio between whites and blacks before or on completion of the sodium loading. Mean weight changes within the sodium-sensitive or the sodium-insensitive groups were not statistically significant on the completion of the 14 days of sodium loading. As we previously reported, 20 lower nocturnal Na + excretion rates occurred in those subjects with the greatest rise in blood pressure. There was a statistically significant inverse correlation (r=0.28, /?<0.01) between the change in mean arterial pressure and the Na + excretion during sodium loading in the sodium-sensitive groups. Thus, a rise in mean arterial pressure in the sodium-sensitive group appears to be related to a depressed rate of Na + excretion in sodium-sensitive subjects. The Na/K ratio was higher in blacks than whites before and after Na + load. However, these differences were not statistically significant.
Before sodium loading, red blood cell Na + content, V nax of the Na + pump, and V^ and K m of the Na-K-Cl cotransport were studied in the two race groups ( Table 3) . The V^,, of the Na + pump was estimated as ouabain-sensitive Na + efflux saturating internal sites with Na + (50 mmol/1 cell) and external K + sites (10 mM). Blacks have a higher red blood cell Na + content than normotensive whites (p<0.05). There were no significant differences in the V,^, of the Na + pump between normotensive blacks and whites (Table 3 ). However, we found significant sex differences in the activity of the Na + pump in white and black individuals. Black women have significantly (p<0.01) higher V^,, of ouabain-sensitive Na + transport (5.5±2.2, n=15) than black men (3.74±1.1, n = 15); however, white women (4.98 ±1.24, n = 14) did not have higher pump activity than white men (4.5 ±1.3, n=10).
As several reports have previously observed, 310 -
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there were also significant racial differences in the activity of the Na-K-Cl cotransport estimated as furosemide-sensitive Na + and K + efflux from ouabain-treated red blood cells (Table 3 ). The V,^ of the cotransport system was significantly lower in normotensive blacks than in normotensive whites (p<0.005). The K m for cell Na + to activate furosemide-sensitive Na + efflux was significantly lower in normotensive whites than in normotensive blacks Figure 1 shows the activation of furosemide-sensitive Na + efflux by cell Na + in two normotensive black individuals, one with sodium-insensitive ( Figure 1A ) and one with sodium-sensitive ( Figure IB) blood pressure. In the sodium-insensitive subject, Na + ef- Values are mean±SD.
•Ouabain-sensitive Na + efflux (mmol/1 cell-hr). tFurosemide-sensitive efflux (mmol/1 cell'hr).
flux rose sharply with an increase in cell Na + and became saturated between 25 and 50 mmol/1 cell Na + ; in the sodium-sensitive individual, Na + efflux raises slowly and does not saturate even at 50 mmol/1 cell. The K m for activation of Na + efflux was 8 mmol/1 cell for the sodium-insensitive and 25 mmol/1 cell for the sodium-sensitive subject.
As shown in Table 4 , blacks with sodium-sensitive blood pressure have a significantly greater increase in mean arterial pressure after sodium loading and a higher K m for Na-K-Cl cotransport than sodiuminsensitive subjects (/?<0.001). It can also be observed that systolic blood pressure and diastolic blood pressure were not different before sodium loading in the two subgroups. In this sample, 57% of the normotensive blacks were sodium-sensitive. As shown in Figure 2 , the increase in mean arterial pressure after oral Na + loading was significantly (r=0.44,/><0.005) correlated with elevated K m values for activation of Na-K-Cl cotransport in sodiumsensitive but not in sodium-insensitive black subjects.
The red blood cell Na + content and V^ of Na + pump and cotransport were not different in sodiumsensitive or sodium-insensitive subgroups (Table 4) . Because of the previously observed sex differences in the Vm,, of the Na + pump in blacks, we analyzed the Values are mean±SD. SBP, systolic blood pressure; DBP, diastolic blood pressure; A MAP, change in mean blood pressure.
•Ouabain-sensitive (mmol/1 cell'hr). tFurosemide-sensitive (mmol/1 cell'hr).
sodium-sensitive and sodium-insensitive groups according to their sex distribution. We found that the sex differences were maintained in both groups; sodium-insensitive women (5.5 ±1.3) were similar to sodium-sensitive women (5.4±1.3), and sodium-sensitive men (3.6±1.6) were similar to sodium-insensitive men (3.7±1.0). In normotensive whites, only 16% were found to have a sodium-sensitive blood pressure response. Notably these individuals had low activity of the Na-K-Cl cotransport as reflected by a V^, 50% lower than in sodium-insensitive subjects ( Table 5 ). The K m for Na-K-Cl cotransport was below 12 mmol/1 cell and there was no significant difference between the subgroups.
Discussion
The present study indicates that the incidence of sodium-sensitive blood pressure is significantly higher in normotensive young blacks than in normotensive young whites (Tables 4 and 5 ) when a long-term oral Na + loading is imposed. In 30 young normotensive blacks in whom ion transport was studied, 57% had a blood pressure response to sodium loading, whereas only 16% of 24 whites exhibited this response. In a previous study, 20 we were able to show that sodium-sensitive black individuals also had a significant increase in weight. In a study of middle-aged adults, Weinberger et al 21 also described a greater prevalence of sodium sensitivity in both normotensive and hypertensive blacks.
Pronounced differences in Na-K-Cl cotransport were also observed in our two race groups. Young normotensive whites had a significantly higher V^ of the Na-K-Cl cotransport (p<0.005) and lower K m for Na + -cotransport (p<0.05) compared with normotensive blacks (Table 3 ). The present study is consistent with other reports that have described a low Na-K-Cl cotransport in 35-year-old blacks.
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In contrast, we found no racial differences in the V^, of ouabain-sensitive Na + efflux, an estimation of the Na + transport capacity of the Na + pump. These results are in agreement with a similar functional estimation of the pump in /?-chloromercuribenzenesulfonate (PCMBS) and nystatin-loaded red blood cells reported by Tuck et al 12 - 13 and Weder et al. 11 In contrast, studies that have measured the sodiumpotassium adenosine triphosphatase (Na,K-ATPase) and ouabain binding sites in red blood cell ghosts have shown that older adult blacks have significantly lower values than whites. Values are mean±SD. SBP, systolic blood pressure; DBP, diastolic blood pressure; A MAP, change in mean arterial blood pressure.
•Ouabain-sensitive (mmol/1 cell'hr). tFurosemide-sensitivc (mmol/1 cell'hr).
ratios (2.3) between ouabain-sensitive Na + efflux and K + influx (at fixed 10 mmol/1 cell Na + ) than whites. The number of ouabain binding sites in red blood cells might not estimate the capacity for functional Na + transport if the red blood cell metabolism decays faster with age than the number of pump sites. Similarly, determinations of the Na,K-ATPase activity performed by saturating red blood cell membranes with ATP also might not reflect the functional status of Na + transport by the intact red blood cells. In our study population, white and black women have a significantly higher V^,, of ouabain-sensitive Na + efflux than white and black men, as previously reported in measurements of ouabain-binding sites and Na,K-ATPase. 14 - 16 Furthermore, the sex differences in the Na + transport activity of the Na + pump were maintained in both the sodium-sensitive and sodiuminsensitive groups.
In young normotensive blacks, subjects with sodium-sensitive blood pressure (57%) had significantly (p<0.025) higher K m for outward Na + cotransport than sodium-insensitive subjects (Table 4) . Because Na + transport measurements were performed before sodium loading, the observed abnormalities appear to be present at an Na + intake between 100 and 150 mmol/day (Table 2) . Recently, in another study on hypertensive white adults (mean age 47 years), a portion (30%) of patients had low affinity Na-K-Cl cotransport when they were in Na + balance at a high sodium intake (200 meq/day). 19 This transport abnormality observed in hypertensive white subjects was corrected by a low Na + intake (10 meq NaVday). 22 However, it has not yet been determined if this abnormality in cotransport is correctable in blacks by reducing Na + intake.
In the normotensive white subjects exhibiting sodium-sensitivity, the W mu was significantly lower than in sodium-insensitive white subjects, but the K m for Na + cotransport was normal. There may also be racial differences in the kinetic parameters of the Na-K-Cl cotransport associated with sodium-sensitive blood pressure. In blacks, the frequency of low V^ (50% versus 20%) and high K m for Na + cotransport (39% versus 18%) is higher than in whites. Therefore, our data indicate that the low activity of Na-K-Cl cotransport caused by low affinity (higher K m ) or low V^ is a predictor of blood pressure sensitivity to sodium load.
Further clinical studies are needed in blacks to determine if a low Na + intake induces a decrease in the K m or induces an increase in the V,,^ of this transport system. These data are necessary to determine if a low Na + intake could be effective in preventing a rise in blood pressure in normotensive blacks who are at risk for essential hypertension. Because numerous studies (see Reference 9 for a review) have shown that the Na-K-Cl cotransport is modulated by several hormones, we have hypothesized that the changes in Na-K-Cl cotransport elicited by high Na + intake could be evoked by circulating catecholamines acting on residual adrenergic receptors present in human red blood cells. 22 A higher vascular sensitivity to infusions of the a-adrenergic agonist norepinephrine has been reported in blacks. 23 However, because of the association between high Na + intake with negative K +23 and Ca 2+24 balance, diet supplementation with these cations should also be studied to determine if the Na-K-Cl cotransport abnormalities are due to a K + or Ca 2+ deficit.
